This essay illustrates the various CT findings of the hepatic venous invasion of the hepatocellular carcinoma with an angiographic correlation. The thrombosed hepatic vein is directly visualized as a dilated tubular structure or multiple nodules of the similar attenuation to that of the parenchymal tumor, connecting the parenchymal tumor and the inferior vena cava on contrast enhanced CT scans. Enhancement of the thrombosed vein on spiral CTscans obtained in early arterial phase can suggest thrombosis caused by tumor invasion rather than a simple thrombosis. When the thrombosed hepatic vein is not directly visualized and replaced bya largetumor, thetumorthrombi within the inferior vena cava or right atriu m can suggest the presence of the hepatic venous invasion.
Index Words : Li ver neoplasms, CT Veins , neoplasms Veins , CT It has been well known that the hepatocellular carcinoma (HCC) has a greater propensity for the venous invasion than other primary or metastatic liver neoplasm with a reported incidence of 32 -70 % in portal vein and 13 -23 % in hepatic vein (1 -2) . Survival rate is significantly different between HCC patients with and without vascular invasion (3) . The main mode of extrahepatic metastasis of HCC is thought to be hematogenous and the lung is by far the most frequent site of metastasis. A significant correlation has been proved between intrahepatic vascular invasion and extrahepatic pulmonary metastasis (1) . The tumor thrombi within the hepatic vein may extend into the IVC and right atrium , and then , the cancer cells and debris detached from thrombi may flow into the pulmonary artery and spread into the systemic circulation. Invasion of the hepatic vein in HCC patients provides valuable information regarding the extent of the tumor , feasibility of the resection , planning of the intervention , and the prognosis.
Although the angiography is the conventional radiographic method of the preoperative assessment of the angioinvasion of the tumor , tumor thrombi within 'OepartmentofRadiology, Seoul National Un iversity, Collegeof Medicine 20epartment ofRadi 이 。gy ， Chung-Ang Gil Hospital 30epartm ent of Radi 01 ogy, 1 n ha Un iversity H ospitalintrahepatic vein and the IVC can also be demonstrated by the ultrasound and CT. The classical appearance of the thrombosed vein is well known as a dilated unopacified vein with a wall enhancement on contrast enhanced CT , but the small thrombosed branches of the hepatic vein may have rather atypical findings that can not easily be diagnosed (2) . To our knowledge , there have been no detailed descriptions about various CT findings of the thrombosed hepatic vein associated with HCC.
This pictor ial essay illustrates the various appearances of the hepatic vein invasion of the HCC on conventional and spiralliver CT , with an ang iographiccorrelation.
Normal hepatic venous anatomy on CTscans
The liver can be divided into eight segments according to the vascular territory and each segment is drained via intrasegmental veins (4). Therefore , hepatic veins are all intersegmental or interlobar in position and provide landmarks for distinguishing the segments of the liver (Fig. 1 a) . Late phase spiral CT scans (10mm collimation at 1 : 1 pitch tab le speed) obtained 3 -4 minuites after initial administration of 100 mL of the contr ast medium ensures reliable demonstration of evensmall vascular rami of the liver ( Fig.  1 b -d) . Hepatic veins can also be well visuali zed on conventional CT scans after bolus administr ation ofthe contrast medium. Normally the three main branches of the hepatic veins drain into the IVC at the posterior and superior margin of the liver. Therefore , right , middle , and left main hepatic veins can usually be demonstrated on one section (Fig. 1 b) . They divide the I iver into four sectors. The right main hepatic vein runs in a coronal plane at the superior aspect of the right intersegmental fissure , which divides the right lobe on the one side into anterior segment 5 and 8 as well as into dorsally located posterior segments 6 and 7. Then , it drains along the right lateral margin of the IVC. The middle main hepatic vein forms a border between the left and right lobes and marks off a vertical plane that ends caudally at the bed of the gall bladder. It enters the anterior left aspect of the IVC. The left main hepatic vein courses partly in the longitudinal fissure and thus separating the quadrate lobe (segment 4) from left lateral segment 2 and 3. The left main hepatic vein enters the anterior left portion of the IVC either alone or after joining with the middle main hepatic vein (Fig. 1 a) . The caudate lobe drains via multiple small veins directly into the IVC from the posterior margin of the caudate lobe. Smaller accessory veins may also enter di rectly into the IVC (Fig. 3) . The IVC courses axially through the hepatic parenchyma and can be identified as a sharply marginated , oval structure.
CT findings of the tumor extension into the hepaticvein A thrombosed hepatic vein can directly be visualized on CT scans or it can be recognized indirectly although hepatic vein itself is not identified (Fig. 2 , 3 the ' thread and streak y' or cavernous appearance 01 the thombosed inlerior vena cava in b nodular lesions mimicking daughter nodules (2) . Careful examination reveals their continuity and connection 。fthe parenchymal tumor and IVC on serial scans (Fig   4, 6) . On spiral CT scan , early enhancement of the thrombosed hepatic vein is seen on scans obtained in early arterial phase, and then , it changes to the usual appearance of thrombosed vein of low attenuation on delayed scans (Fig. 5) . Such an enhancing paUern is quite similar to that of the parenchymal HCC itself, which can suggests tumor invasion of the hepatic vein , rather than a simple venous thrombosis a c 
Oirectly visualized thrombosed hepatic vein
Thrombosed hepatic vein is demonstrated as a dila-Ji Hye Kim, et al: Hepatic Vein Invasion by Hepatocellular Carcinoma ted tubular structure of the similar attenuation to that of the thrombosed hepatic vein is not parallel to the scan the parenchymal tumor
Nonvísualízed hepatíc veín replaced by the parenchymaltumor
Sometimes , the hepatic vein itself is not delineated in its expected location due to a large tumor , in spite of the adequate contrast enhancement. However , the eccentric tumor thrombi within the IVC or right atrium can suggest the tumor extension via hepatic vein from the parenchymal tumor (Fig. ?) . Therefore , partic 비 ar attention to tracing individual hepatic veins in its exact location , trying to find out thrombosed hepatic veins of low attenuation , their connection to the parenchymal tumor , and tumorthrombi within the IVC is importan t.
branches , b' laminar flow of the blood that makes iodided contrast media to flow on the periphery of the Pitfalls vein , and c. layering phenomenon due to density difference of the contrast media and blood. These erroneous False positive diagnosis of the venous thrombosis diagnoses can be avoided by delayed scan and complion the enhanced CT scan can be made (Fig. 8) 
